Inorganic arsenic contamination has caused a remarkable impact on the contamination of soil and groundwater in many countries. Consequently, determination of inorganic arsenic on site is very crucial especially arsenic (III) which is more toxic than arsenic (V). Thus, a more rapid, simple and ecofriendly approach was developed in this study to determine arsenic (III) by incorporation of image processing technique into colorimetric method. The effects of various factors were evaluated by a 2 4 full factorial design with a blocking factor. The mass ratio of sulfamic acid to zinc powder was the most significant factor affected red, green and blue (RGB) color values and followed by reaction period. The optimum conditions for the detection were found to be using 1 g of sulfamic acid and 0.5 g of zinc powder at 5 minutes. This work also demonstrates that the developed method is able to detect arsenic (III) rapidly and easily.
INTRODUCTION
Continuous exposures to toxic chemicals for example arsenic could cause a significant risk to public health 1 as it is a highly toxic element even at low concentration 2 . Arsenic occurs in nature water in various forms of inorganic and organic 3 and mainly found in two inorganic forms i.e. As 3+ and As 5+ , whereby As (III) is more toxic than As (V) 4 . According to Shen et. al (2013) 5 , As (III) is able to bind to a specific protein which could alter the protein's conformation, leading to a deterioration in cellular functions. In addition, based on the report by Bednar et al. (2004) 6 determination of each inorganic arsenic species is crucial due to the extensive variation in the toxicology, mobility, and absorptivity of each species.
Laboratory instruments can provide highly accurate and precise analysis to measure arsenic in water samples, but it is time consuming and costly, consequently various arsenic test kits have been developed based on colorimetric method. However the results obtained is normally based on comparison of the color formed on the test strip with a reference color scale which is rather subjective and operatordependent. Thus there is a need for improvement for in-situ analysis of arsenic. According to Wang et al. (2011) 7 , an ideal field deployable sensor would be able to detect low µg/L concentration of analyte directly on-site with little or no sample preparation as well as persistence to interference ions. In fact, colorimetric methods can provide results nearly as accurate and reliable as those from analytical laboratories when the reaction is automatically evaluated by means of a color detector 8 . An electronic device for measuring color has been introduced to minimize human error in interpreting the color with naked eyes for determination of arsenic. For example, Anderson et al. (2008) 9 measured reflectance of the developed color spot and convert it to digital signal by an electronic transducer which requires 30 to 40 minutes to detect of arsenic.
Thus, a more rapid, simple and ecofriendly approach was developed in this study to determine arsenic (III) by incorporation of image processing technique into colorimetric method. The effects of different factors were investigated by a 2 4 full factorial design with a blocking factor. The effects consists of weight load used for drying silver nitrate-impregnated filter paper, drying period of silver nitrate-impregnated filter paper, mass ratio of sulfamic acid to zinc powder and reaction period between arsine gas generated and silver nitrate which were evaluated at two levels to determine the significant factors before optimize the detection of arsenic (III).
MATERIALS AND METHODS

Reagents and Materials
Arsenic (III) stock solution containing 1,000 mg As (III)/L (Merck, Germany) was used to prepare As (III) working standard solutions. Sulfamic acid, silver nitrate and zinc powder were also obtained from Merck (Germany). All the chemicals used in this study were of analytical grade.
Preparation of As (III) working standard solutions
As (III) working standard solutions containing 0 to 300 µg/L of As (III) were freshly prepared from the As (III) stock solution by proper dilutions using ultrapure water.
Preparation of 5% (w/v) silver nitrate solution
A 5% solution of silver nitrate was prepared by dissolving the silver nitrate using ultrapure water in a 100 mL volumetric flask.
Preparation of silver nitrate-impregnated filter paper
Whatman filter paper No.3 was cut into a 2.5 cm (diameter) round-shaped piece of the paper. It was then dipped into the silver nitrate solution for period of 2 seconds and followed by drying it between two pieces of dry Whatman filter papers which was pressed using a 100 or 500 g load for 20 or 60 seconds. This silver nitrate-impregnated filter paper was used as arsine sensor paper.
Colored complex formation
Minitab software (version 17.0) (USA) was utilized to randomize the ninety-six experimental runs with all possible combinations of factors in duplicates at high and low levels to investigate the effect of weight load (100 or 500 g) used for drying silver nitrate-impregnated filter paper (DW), drying period of silver nitrate-impregnated filter paper (DP) (20 or 60 s), mass ratio of sulfamic acid to zinc powder (MSZ) (1.0 g: 0.5 g or 4.0 g: 2.0 g), and reaction period (RP) (5 or 10 minutes).
A 60 mL of polypropylene bottle was filled with 50 mL of arsenic (III) working standard solution. To the solution, desired amount of sulfamic acid was added and swirled before adding zinc powder and swirled again to ensure homogeneity of the mixture. The arsine sensor paper was then inserted inside the cap of the bottle before close the bottle with cap. The bottle was swirled gently before stand for the selected reaction period. Each experiment was performed in duplicates at 25°C and at the levels as presented in Table 1 . As soon as the reaction period was over, the colored arsine sensor paper was removed from the cap and used for image analysis.
Color image processing
For each colored arsine sensor paper, two images were captured by a digital camera (Sony Cyber-shot, DSC-W610) at the distance of 15 cm. All conditions including distance, lighting conditions (automatic mode) and camera setting were kept constant for all experiments. The color (red, green and blue) of the images were transformed into digital readings from 0 to 225 using Image J software and used for further statistical analysis.
Statistical Analysis
To determine significant factors, Analysis of Variance (ANOVA), Student's t-analysis, correlation between response variables, linear regression analysis were carried out. Main and interaction effects plots were also formed for each color value. All these data analysis was performed using Minitab software (version 17.0) (USA). Besides that, normal probability and residual versus fitted value plots were also formed using the software.
Optimisation of detection
Optimisation plot was constructed to suggest the optimum conditions of arsenic (III) detection using the Minitab software. Validation of the suggested optimum conditions was performed by conducting the detection experiments at the suggested conditions in 5 replications. The experiments was carried out similar to the procedure as mentioned in the section of Colored complex formation at the suggested optimum conditions.
Data Analysis
To determine the significant factors that affect the detection of arsenic (III), all data analysis including linear regression analysis, Analysis of Variance (ANOVA), Student's t-analysis and correlation between response variables were implemented using the Minitab software version 17.0 (Minitab Inc., PA, USA). Main effects plot was also developed for each color value for significant contribution factors.
RESULTS AND DISCUSSION
Colorimetric method used in this work was based on modification of the methods developed by Cherukuri and Anjaneyulu (2005) 10 and later by Ong et al. (2015) 11 .
Red, green and blue (RGB) color values are the responses in this work which produced by a change in the level of a factor. The regression analysis of red, green and blue color values are displayed in Table 3 , 4 and 5, respectively. The results revealed that the main effects of mass ratio of sulfamic acid to zinc powder (MSZ) and reaction period (RP) were significant at a 5% of probability level (P< 0.05) for all color values. However, for interaction effect, drying weight-drying period of silver nitrate-impregnated filter-paper-reaction period (DW x DP x RP) interaction and drying weight-mass ratio of sulfamic acid to zinc powder -reaction period (DW x MSZ x RP) interaction were significant at a 5% of probability level (P < 0.05) for red and green. However, such interaction effects do not exist in blue color.
Equations 1, 2 and 3 indicate the models that relate the levels of parameter and red, green and blue color values, respectively.
Red color value = 103.04 + 0.910X 1 + 0.899X 2 -3.803X 3 -8.053X 4 -1.046X 1 X 2 + 0.116X 1 X 3 + 0.048X 1 X 4 +0.116X 2 X 3 + 0.517X 2 X 4 -0.500X 3 X 4 + 0.530X 1 X 2 X 3 + 2.266X 1 X 2 X 4 -1.991X 1 X 3 X 4 + Weight load used for drying silver nitrate-impregnated filter paper (DW)(X 1 ), g 100 500 Reaction period (RP)(X 4 ), min. 5 10 Mass ratio sulfamic acid to zinc powder (MSZ)(X 3 ) 1:0.5 4:2 Drying period of silver nitrate-impregnated filter paper (DP)(X 2 ), s 20 60 A factor that positively significant can be seen from the color value decreases as the change Tables 6, 7 and 8 show the results of Analysis of Variance for three response colors, respectively. The sum of squares used to estimate the factors' effects and F-ratios are also presented in the tables. The results revealed that the main effects of MSZ and RP are highly significant (at 5% level of significance). However, the MSZ and RP interaction are not significant and most of the interaction effects are insignificant as compared to other effects accepts for DW x DP x RP and DW x MSZ x RP. Therefore, recalculation of regression coefficients, standard error, t and p-values were conducted and the results are shown in Tables 9, 10 Table 12 , 13 and 14, respectively. From the results, we have sufficient evidence to conclude that reaction period (RP) was the strongest effect of the overall contributed to the three color intensities. The reduced model now contains only the main effects MSZ, RP and the DW x DP x RP and DW x MSZ x RP interactions. The X 4 coefficient was found to be the largest negative coefficient for the three models (5), (6) and (7), showing that the longer the reaction period, three color values decreased accordingly. The mass ratio of sulfamic acid to zinc powder (MSZ) was the second important factor. Third and fourth significant factors which significantly contributed for red and green color values were drying weightdrying period of silver nitrate-impregnated filterpaper-reaction period (DW x DP x RP) interaction and drying weight-mass ratio of sulfamic acid to zinc powder -reaction period (DW x MSZ x RP) interaction, respectively. 
Normal distribution plot
The estimate values for all response colors showed that the experimental data are normally distributed as the experimental points were reasonably aligned, as shown in Figures 7, 8 and 9 of the normal probability plots of residual values. The residual plots showed outliers are occurred (Fig. 10,  11 and 12) . However, the results showed that there were no outlier between the ranges of +25 to -15 for red color value while the ranges for green and blue color values are between +25 to -20 and +25 to -30 respectively. 3 show that red, green and blue values decreased by 15.79%, 14.29% and 17.89%, respectively, when the reaction period increased from 5 minutes to 10 minutes. The results from Tables 9 to 11 also exhibited that the reaction period also plays a significant role on color values. This can be explained by the fact that more arsenic (III) is reduced to arsine gas which will react with silver ions and produce darker color compound on the impregnated filter paper when longer reaction period was used.
Main effect of mass ratio of sulfamic acid to zinc powder
As it can be seen from Figures 4 to 6, the mass ratio of sulfamic acid to zinc powder is the most significant factor as indicated by an increase in the mass ratio of sulfamic acid to zinc powder from 1 g: 0.5 g to 4 g: 2 g, caused decrease in the RGB values with the highest decrease in color values of 17.02%, 7.83%, 6.42%, for blue, green and red color values, respectively, as shown in Figures 1 to 3 . This is due to the formation of darker color complex on the silver nitrate impregnated filter paper when higher mass ratio of sulfamic acid to zinc powder was applied which resulted in more production of arsine gas which reacts with silver nitrate on the impregnated filter paper. Thus, it can be said that the effect of mass ratio of sulfamic acid to zinc powder is negative in color values, but it is positive effect in detection of arsenic (III) as darker color has lower color value.
Interaction effect of drying weight-drying period of silver nitrate-impregnated filter-paperreaction period (DW x DP x RP) interaction and drying weight-mass ratio of sulfamic acid to zinc powder -reaction period (DW x MSZ x RP) interaction Apart from main effect, interaction effects between the parameters were also investigated in this study and results are presented in Figures 7 to  9 . Among all the interaction effects, there were only two of the three interaction effects i.e. drying weightdrying period of silver nitrate-impregnated filterpaper-reaction period (DW x DP x RP) interaction and drying weight-mass ratio of sulfamic acid to zinc powder-reaction period (DW x MSZ x RP) interaction were significantly affect all color values except blue color value on the production of color compunds on the silver nitrate-impregnated filter paper.
Optimisation of Arsenic (III) Detection
Experiments with various mass ratio of sulfamic acid to zinc powder (MSZ) i.e. 1.0 g: 0.5 g; were conducted to validate the optimum conditions by optimisation plot using Minitab software version 17, whereas the weight load used for drying silver nitrateimpregnated filter paper (DW) and drying period of silver nitrate-impregnated filter paper (DP) were fixed at low levels i.e. 100 g and 20 seconds, respectively, as both were found to be insignificant factors. The optimization plot (Fig. 13) shows the effect of each factor on the responses or composite desirability. The vertical red lines on the graph represent the current factor settings. The numbers displayed in bracket show the current factor level settings (in red). Both horizontal blue dash lines and numbers indicated by y which represents the responses for the current factor level. The plot displays the optimum mass ratio of sulfamic acid to zinc powder (MSZ) and the optimum reaction period (RP) were 1 g of sulfamic acid and 0.5 g of zinc powder, and 5 minutes, respectively.
Comparison of arsenic detection performance
Arsenic detection performance of this present method was compared with the methods developed by previous researcher. The performance was evaluated in terms of linear detection range and reaction period. In general, a longer reaction period is required for detection of arsenic using the method developed by previous researcher except the reaction period reported by Shrivas et al. (2015) 12 , which was similar to reaction period found in this study. Previous researcher such as Siangproh et al.(2016) 13 reported that 7 minutes is required to detect 0.5 to 30 mg/L of total inorganic arsenic, whereas Huang et al. (2015) 14 have developed a bacterial biosensor to detect 10 to 500 µg/L of As in 3-h reaction time. Kiso et al. (2015) 15 documented that a linear range of 0.01-0.1 mg As/L for detection of arsenic (As(III) and As(V)) in 30 minutes using detection tube method. Besides that, a novel wholecell arsenite biosensor was developed using the photosynthetic bacterium Rhodopseudomonas palustris no. 7 for detection of arsenite (0-500 µg/L) after 24 hours (Yoshida et al., 2008) 16 . Das et al. (2014) 17 used two different kits for detection of 10 µg/L-250 µg/L of total arsenic in water in 7 minutes. In addition, the present method was simple, rapid and sensitive compared to the method developed by previous workers.
CONCLUSION
In this work, various effects were investigated using 2 4 full factorial design for detection of arsenic (III) by colorimetric incorporated with image processing technique. The mass ratio of sulfamic acid to zinc powder was the most significant factor affected RGB color values and followed by reaction period. Drying weight-drying period of silver nitrateimpregnated filter-paper-reaction period (DW x DP x RP) interaction as well as drying weight-mass ratio of sulfamic acid to zinc powder-reaction period (DW x MSZ x RP) interaction significantly affected red and green color values, thus significantly influenced the detection. The optimum conditions for detection of arsenic (III) were found to be using 1 g of sulfamic acid and 0.5 g of zinc powder at 5 minutes. The present work also demonstrates that the developed method can be used to detect arsenic (III) rapidly and easily.
